We present an optical detection method for the fundamental vibrational mode of a tuning fork crystal oscillator in air. A focused He/ Ne laser beam is directed onto the edge of one vibrating tine of the tuning fork; its vibrating motion chops the incoming laser beam and modulates the intensity. The beam with modulated intensity is then detected and converted to an electrical signal by a high-speed photo-detector. This electrical signal is a sinusoid at the resonant frequency of the tuning fork vibration, which is 32.76 kHz. Our scheme is robust enough that the sinusoidal signal is detectable at up to 40 o of rotation of the tuning fork.
INTRODUCTION
Detection of the mechanical motions of purpose-designed artificial structures is of great importance in diverse areas of science and engineering [1] [2] [3] [4] [5] . Among such structures, the tuning fork is a popular basis of diagnostic techniques, partly as a result of its high quality factor and narrow resonances. Currently, detection methods for the fundamental mode of commerciallyavailable tuning fork crystal oscillators are under extensive investigation for sensor applications. Resonant-frequency changes are a primary means of detecting specific input stimuli, using frequency modulation schemes. Consequently, detection of the resonant oscillation is of utmost importance in these applications.
Both optical and electrical detection methods have been successfully applied. Among the optical techniques, for example, an interferometric method utilizing phase modulation between the two light paths has been used to detect not only the fundamental but also the higher harmonic modes [6] . It has been successfully shown that an electrical method that measures frequency-response characteristics can also detect the vibrational mode [7] . Depending on the requirements of the application, either type of detection scheme can be used. Here, we present a simple and robust optical detection scheme that relies on amplitude modulation of the laser beam intensity when it impinges on one tine of the tuning fork crystal oscillator. Here, we present a simple and robust optical detection scheme that relies on amplitude modulation of the laser beam intensity when it impinges on one tine of the tuning fork crystal oscillator.
EXPERIMENTAL SETUP
The measurement setup for the optical detection method is shown in Fig. 1 This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/ licenses/bync/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 
RESULTS AND DISCUSSIONS
In Fig. 2(a) , we show a typical measured optical response . Our scheme would be suitable for applications where immunity to misalignments is desirable. Fig. 4 . Photo-detector output signal for the fundamental mode of 32.76 kHz, as a function of rotation angle and excitation voltage.
I 17 I
